2/4 Moment 


In addition to the tendency to move a body in the direction of its 
application, a force can also tend to rotate a body about an axis. The 
axis may be any line which neither intersects nor is parallel to the line 
of action of the force. This rotational tendency is known as the moment 
M of the force. Moment is also referred to as torque. 

As a familiar example of the concept of moment, consider the pipe 
wrench of Fig. 2/8a. One effect of the force applied perpendicular to the 
handle of the wrench is the tendency to rotate the pipe about its vertical 
axis. The magnitude of this tendency depends on both the magnitude F 
of the force and the effective length d of the wrench handle. Common 
experience shows that a pull which is not perpendicular to the wrench 
handle is less effective than the right-angle pull shown. 

Moment about a Point 



0 


Figure 2/8 b shows a two-dimensional body acted on by a force F in 
its plane. The magnitude of the moment or tendency of the force to 
rotate the body about the axis 0*0 perpendicular to the plane of the 
body is proportional both to the magnitude of the force and to the mo¬ 
ment arm d , which is the perpendicular distance from the axis to the 
line of action of the force. Therefore, the magnitude of the moment is 
defined as 


( M = Fd ) 


(2/5) 



The moment is a vector M perpendicular to the plane of the body. The 
sense of M depends on the direction in which F tends to rotate the body. 
The right-hand rule. Fig. 2/8c\ is used to identify this sense. We repre¬ 
sent the moment of F about 0-0 as a vector pointing in the direction of 
the thumb, with the fingers curled in the direction of the rotational 
tendency. 

The moment M obeys all the rules of vector combination and may 
be considered a sliding vector with a line of action coinciding with the 
moment axis. The basic units of moment in SI units are newton-meters 
(N-m), and in the IJ.S. customary system are pound-feet (Ib-ft). 

When dealing with forces which all act in a given plane, we custom¬ 
arily speak of the moment about a point. By this we mean the moment 
with respect to an axis normal to the plane and passing through the 
point. Thus, the moment of force F about point A in Fig. 2/&/ has the 
magnitude Af - Fd and is counterclockwise. 

Moment directions may be accounted for by using a stated sign con¬ 
vention, such as a plus sign ( + ) for counterclockwise moments and a 
minus sign (-) for clockwise moments, or vice versa. Sign consistency 
within a given problem is essential. For the sign convention of Fig. 2/8d, 
the moment of F about point .4 (or about the 2 -axis passing through 
point A) is positive. The curved arrow of the figure is a convenient way 
to represent moments in two-dimensional analysis. 




Figure 2/8 


The Cross Product 

In so me two-dimensional and many of the three-dimensional prob¬ 
lems to follow, it is convenient to use a vector approach for moment 
calculations. The moment of F about point A of Fig. 2/ 8b may he rep¬ 
resented by the cross-product expression 




r x F 


( 2 / 6 ) 


where r is a position vector which runs from the moment reference point 
A to any point on the line of action of F. The magnitude of this expres¬ 
sion is given by* 


jVf = Fr sin a = Fd 


(2/7) 













Direction. The direction of M<> is defined by its moment axis , which 
(b) is perpendicular to the plane that contains the force F and its moment 

arm d . The right-hand rule is used to establish the sense of direction of 
Fig. 4~2 M<> According to this rule, the natural curl of the fingers of the right 

hand, as they are drawn towards the palm, represent the rotation, or if no 
movement is possible, there is a tendency for rotation caused by the 
moment. As this action is performed, the thumb of the right hand will 
give the directional sense of \\ (h Fig. 4-2 a. Notice that the moment 
vector is represented three-dimensionally by a curl around an arrow. In 
two dimensions this vector is represented only by the curl as in Fig. 4-2 b. 
Since in this case the moment will tend to cause a counterclockwise 
rotation, the moment vector is actually directed out of the page. 



Fig. 4-3 


Resultant Moment. For two-dimensional problems, where all the 
forces lie within the x-y plane. Fig.4-3, the resultant moment (M K ) a about 
point () (the z axis) can be determined by finding the algebraic sum of the 
moments caused by all the forces in the system. As a convention, we will 
generally consider positive moments as counterckxkwise since they are 
directed along the positive z axis (out of the page). Clockwise moments 
will be negative. Doing this, the directional sense of each moment can be 
represented by a plus or minus sign. Using this sign convention, the 
resultant moment in Fig. 4-3 Ls therefore 

C +{Mft) 0 = ^ Fd\ (Mk ) 0 — k'\d\ - + % 

If the numerical result of this sum is a positive scalar, (M#) 0 will be a 
counterclockwise moment (out of the page); and if the result is negative, 
(M K ) 0 will be a clockwise moment (into the page). 


Example: For each case illustrated in Fig. 4-4 , determine the moment of the 
force about point O. 

SOLUTION (SCALAR ANALYSIS) 

The line of action of each force is extended as a dashed line in order to 
establish the moment arm d. Also illustrated is the tendency of 
rotation of the member as caused by the force. Furthermore, the orbit 
of the force about O is shown as a colored curl. Thus. 

Fig. 4-4 a M 0 = (100 N)<2 m) = 200 N • m 2 Ans. 

Fig. A-Ab M 0 = (50 NX0.75 m) = 37.5 N • nO Ans . 

Fig. 4-4c M 0 = (40 lb)<4 ft + 2 cos 30°ft) = 229 lb • ft 2 Ans o C' 

Fig. A^Ad M 0 = <60 lb)< 1 sin 45° ft) = 42.4 lb • ft ^ A ns. _ 2 m_ 
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Fig. A-Ae M 0 = (7 kNH4 m - 1 m) = 21.0 kN • m t) 


(a) 


o 


-2 m - 


0.75 m 

J 


50 N 


(b) 




I—1 


4 m 



7m 


J 


' kN 


(e> 


(tl)| 


O 













































EXAMPLE 4.2 


Determine the resultant moment of the four forces acting on the rod 
shown in Fig. 4-5 about point O. 



50 N 


40 N 

Fig. 4-5 


—x 

20 N 


SOLUTION 

Assuming that positive moments act in the -t-k direction, i.e.. 
counterclockwise, we have 

C + = SW; 

(M p ) o = -50 N(2 m) + 60 N(0) + 20 N(3 sin 30° m) 

—40 N(4 m + 3 cos 30° m) 

(Mr) o = —334 N • m = 334 N • nO A ns. 

For this calculation, note how the moment-arm distances for the 20-N 
and 40-N forces are established from the extended (dashed) lines of 
action of each of these forces. 


EXAMPLE 1 4.5 


Determine the moment of the force in Fig. 4-18n about point O. 



d,= 



3 


— d x = 3 cos 30° m 


H 


F, = (5 kN) cos 45° 


sin 45° 
- x 


SOLUTION I 

The moment arm tl in Fig. 4-1 8a can be found from trigonometry. 


Thus, 


c! = (3 m) sin 75° = 2.898 m 


M 0 = Fd = (5 kNX2.898 m) = 14.5 kN • nO A ns 

Since the force tends to rotate or orbit clockwise about point O. the 
moment is directed into the page. 

SOLUTION II 

The x and y components of the force are indicated in Fig. 4-18Z>. 
Considering counterclockwise moments as positive, and applying the 
principle of moments, we have 

C + M 0 = -FAy-FA 

= —(5 cos 45° kN)(3 sin 30° m) — (5 sin 45° kN)(3 cos 30° m) 



























= -14.5 kN-m = 14.5 kN-m 2 


A ns 


SOLUTION III 

The x and y axes can be set parallel and perpendicular to the rod's 
axis as shown in Fig. 4-18c. Here F, produces no moment about 
point O since its line of action passes through this point. Therefore. 

C + Mo = 

= -(5 sin 75° kN)(3 m) 

= -14.5 kN-m = 14.5 kN • nO Ans. 



F x - (5 kN) cos 


F y = (5 kN) sin 75° 


(c) 

Fig. 4-IS 



SAMPLE PROBLEM 3.1 


A 100-lb vertical force is applied to the end of a lever which is attached to a shaft 
at O. Determine («) the moment of the 100-lb force about O; (b) the horizontal 
force applied at A which creates the same moment about O; (c) the smallest 
force applied at A which creates the same moment about O; (d) how far from 
the shaft a 240-lb vertical force must act to create the same moment about O; 
(e) whether any one of the forces obtained in parts fo, c, and d is equivalent to 
the original force. 





SOLUTION 


a. Moment about O. The porjiendieuljir distance from O to the line of 
anion of die 100-Ib force is 

d - <24 in.) cos 60° - 12 in. 

The magnitude of the moment alioni () of the 100-lh force Is 

M<, = Fd = (100 lb)(12 in.) = 1200 lb • in. 

Siwx* tin- I’onx* tends lo rotate die lever ekK-kwi.se about O, the moment 
will lie represented by a vector M<> [lerpeiidleular to the plane of die figure 
and pointing into the paper. We express this fact by writing 

M 0 = 1200 lb • in. J ◄ 

L Horizontal Force. In this case, we have 

d = (24 In.) sin 60° = 20.8 In. 

Since the moment about O must Ik* I2(X) lb • in., we write 

Mo = Fd 

1200 lb • in. - F( 20.8 in.) 

F = 57.7 lb F = 57.7 lb -♦ 

c. Smallest Force. Since Mo = Fd. the smallest value of F occurs when 
d is maximtnn. We choose die force perpendicular lo OA ami note dial 
d - 24 in.; thus 

Mo = Fd 

1200 lb - in. = F(24 in.) 

F = 50 lb F = .*50 lb '=530° -4 

<L 2404b Vertical Force. In this case Mq — Fd yields 

1200 lb • In. - (240 lb )d A = 5 in. 

but OB cos 60° = d OB = 10 In. < 

«. None of the font's considered In |>arts b t c % and d Is equivalent to die 
original 100-lb force. Although they have the same moment al)out O, they 
have different x and y components. In other words, although each force 
tends to rotate the shaft in trie same manner, each causes die lever to pull 
on the shaft in a different way. 














